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Koelsch, 2010) that (a) interfere with the perception of the noise 
of the operating theater, (b) consume attentional resources, and (c) 
evoke feelings of pleasure which interact with pain and unpleasant 
affects related to the surgical procedure.
However,  despite  their  merits,  previous  studies  on  stress- 
reducing effects of music during surgical procedures were either 
not blinded (Miluk-Kolasa et al., 1994; Lepage et al., 2001; Schneider 
et al., 2001; Uedo et al., 2004; Zhang et al., 2005; Leardi et al., 2007), 
or no control stimulus was used in the control group (hence con-
trol subjects were partly exposed to the potentially stressful theater 
noise; Miluk-Kolasa et al., 1994; Koch et al., 1998; Lepage et al., 2001; 
Schneider et al., 2001; Uedo et al., 2004; Zhang et al., 2005; Conrad 
et al., 2007; Leardi et al., 2007), or different types of anesthesia were 
used (Leardi et al., 2007), or the musical stimulus contained lyrics 
(hence, effects could have been in part due to comforting effects of 
the lyrics; Miluk-Kolasa et al., 1994; Lepage et al., 2001; Schneider 
et al., 2001; Fukui and Yamashita, 2003; Ayoub et al., 2005; Ganidagli 
et al., 2005; Zhang et al., 2005; Harikumar et al., 2006; Leardi et al., 
2007). The present study takes these methodological issues into 
account, with the aim to further test possible beneficial effects of 
listening to music on perioperative stress levels, and on sedative 
drug requirements.
As physiological indices of subjective stress we measured cor-
tisol levels, and levels of adrenocorticotropic hormone (ACTH); 
these endocrinological measures reflect hypothalamus–pituitary–
adrenal (HPA) axis activity and increase under physiological and 
INTRODUCTION
Music is capable of evoking strong positive emotions, and of elevat-
ing the mood of individuals (reviewed in Juslin and Västfjäll, 2008; 
Koelsch, 2010; Koelsch et al., 2010). These effects can potentially 
be used in clinical settings, in which negative emotions such as 
pain and anxiety often reduce an individual’s subjective well-being, 
and call for the application of anxiolytic, analgesic, and anesthetic 
drugs. Music has been reported to reduce stress before (e.g., Wang 
et al., 2002; Cooke et al., 2005; Bringman et al., 2009), during (e.g., 
Chan et al., 2003; Uedo et al., 2004; Bechtold et al., 2006; Rudin 
et al., 2007), and after (Cepeda et al., 2006) medical procedures 
including surgery, angiography, and colonoscopy. Correspondingly, 
five patient studies suggest that listening to music reduces cortisol 
levels before (Miluk-Kolasa et al., 1994; Leardi et al., 2007), during 
(Schneider et al., 2001; Uedo et al., 2004; Leardi et al., 2007), and 
after (Nilsson et al., 2005) such procedures. Related to the lower 
stress levels of patients listening to music, a number of studies 
reported that sedative requirements are reduced in patients under-
going surgery under regional anesthesia combined with sedation, 
both for midazolam (Lepage et al., 2001; Ganidagli et al., 2005; 
Harikumar et al., 2006) and propofol (Koch et al., 1998; Ayoub et al., 
2005; Zhang et al., 2005). Similar effects have been reported for 
(analgo-)sedated patients treated on intensive care units (Conrad 
et al., 2007). The stress- and pain-reducing effects of music are 
presumably due to its capability to engage perceptual, emotional, 
and cognitive processes (reviewed in Koelsch and Siebel, 2005; 
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www.frontiersin.org  April 2011  | Volume 2  | Article 58  |  1  psychological stress, although such stress is not the only antecedence 
for a rise of cortisol and ACTH levels (see, e.g., the circadian varia-
tion of these hormones; Dantzer et al., 2008). Cortisol (a corticoster-
oid hormone that is crucial for glucose metabolism, inflammation 
suppression, and stress adaptation) is the biochemical that has been 
investigated most frequently with regard to music (for a review see 
Quiroga Murcia et al., in press). Notably, out of numerous stud-
ies that investigated cortisol levels in response to music (Quiroga 
Murcia et al., in press), only eight studies used control group designs 
(VanderArk and Ely, 1992; Brownley et al., 1995; Möckel et al., 1995; 
McKinney et al., 1997a; Grape et al., 2003; West et al., 2004; Nater 
et al., 2006; LeRoux et al., 2007). Except one study (which did not 
observe effects of music listening on cortisol levels; see reference 
Nater et al., 2006), these studies showed cortisol reductions as an 
effect of listening to (pleasant) music with small (Cohen’s d = 0.31 
in the study by VanderArk and Ely, 1992) to medium effect sizes 
(Cohen’s d = 0.62 in the study by McKinney et al., 1997a).
Fewer studies investigated effects of music listening on ACTH 
levels, with inconsistent results, namely increase (Gerra et al., 1998), 
decrease (Oyama et al., 1983), or no change (Evers and Suhr, 2000; 
Migneault et al., 2004; Conrad et al., 2007) of ACTH levels. Two of 
these studies (Evers and Suhr, 2000; Migneault et al., 2004) inves-
tigated effects of music listening on ACTH levels during intra-
operative periods, and although these studies did not find changes 
of ACTH levels, we obtained ACTH values to investigate possible 
post-operative effects on this measure.
In addition to such hormonal effects, stress levels also affect 
immune system activity (Dantzer et al., 2008); one of these effects 
is a transient increase of immunoglobulin A (IgA, an immune-
systemic antibody) in response to an increase in HPA-axis activity 
(Hucklebridge et al., 1998). Effects of music listening on serum 
IgA concentrations were so far only investigated under general 
anesthesia (Nilsson et al., 2005), and statistically not significant. 
Nevertheless, four non-clinical studies suggest effects of music lis-
tening on salivary IgA concentrations in awake, healthy individuals 
(McCraty et al., 1996; Charnetski et al., 1998; Hucklebridge et al., 
2000; Kreutz et al., 2004). Therefore, a supplementary aim of the 
present study was to further investigate possible effects of music lis-
tening on serum IgA levels as one index of immune system activity.
The  present  investigation  used  a  standardized,  randomized, 
double-blinded design in which a music group was presented with 
instrumental music, whereas the control group was presented with 
a relaxing auditory control stimulus (the sound of braking waves; a 
control group was measured to control for placebo effects). We meas-
ured (a) cortisol and ACTH as indices of HPA-axis activity, (b) IgA 
as a marker of immunofunction, and (c) sedative drug requirements 
(as indexed by propofol consumption and target concentration). 
Measurements were obtained in both groups before, during, and 
after surgery under spinal anesthesia. We hypothesized that music 
listening would have stress-reducing effects, and that such effects 
would be reflected in lower HPA-axis activity (i.e., in lower cortisol 
and ACTH levels), as well as in a decrease of sedative requirements 
(i.e., in lower requirements of propofol to achieve the targeted level 
of sedation). Moreover, due to the relation between HPA-axis activ-
ity and immune system activity (Hucklebridge et al., 1998; Dantzer 
et al., 2008), we hypothesized that immunofunction (as indicated by 
IgA levels) would differ between the music and the control group.
MATERIALS AND METHODS
SUbjECTS
Sixty-one patients were initially assessed for participation in the 
study. Eight patients did not meet the inclusion criteria and three 
declined to take part. Fifty participants were randomly assigned 
to a music group (n = 26) and a control group (n = 24). In 10 
of these 50 participants (six participants from the music group 
and four participants from the control group), the experiment was 
aborted because of a deviation of >30 min from the time-line of 
the study protocol (see Figure 1). Finally, 20 individuals of each 
group were included in the study (music group: 13 females, age 
range 43–92 years, mean age 67 years; control group: 12 females, 
age range 51–83 years, mean age 65 years). Subjects were meas-
ured between February 2006 and April 2007 at the Clinic of the 
University of Leipzig. Both groups did not differ with regard to 
body weight, age, and American Society of Anesthesiologists (ASA) 
scores (see Table 1A); ASA scores represent classifications of the 
state of health before surgery, an ASA score of 1 indicates that the 
patient is normal and healthy, a score of 3 indicates that the patient 
has severe systemic disease.
FIgure 1 | Illustration of the six different time points (vertical lines) 
at which serum samples were obtained [the average time in the 
bottom row indicates the time of the day, averaged across all 
subjects; SeM was less than 25 min for each of the time points (TP)]. 
The auditory stimulation commenced at TP 1; TP 2 was immediately 
before applying spinal anesthesia, and TP 3 directly after skin incision. TP 4 
was before skin closure; TP 5 was 3 h, and TP 6 was 24 h, after the end 
of surgery.
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reported that they perceived this acoustic stimulus as relaxing and 
pleasant, see also below). Music and control stimuli were matched 
for duration and loudness.
PROCEDURE
Participants did not receive any pre-medication during the day of 
measurement. Participants were only informed that they would 
receive relaxing acoustical stimulation before, during, and shortly 
after surgery, and that the purpose for this stimulation was the 
reduction of operation theater noise. They were not informed that 
there were two different groups of subjects (presented either with 
music, or with the control stimulus), and they were not informed 
about whether they would be presented with music or with sea 
waves noise (participants were enrolled, and assigned to their 
groups, by Julian Fuermetz and Maximilian Hohenadel).
Approximately 2 h before the surgery, participants filled out 
the German version of the State-Trait Anxiety Inventory (STAI; 
Laux et al., 1981; Spielberger et al., 1970, for a study reporting 
reduced pre-operative STAI scores in response to music see refer-
ences, Wang et al., 2002; Bringman et al., 2009). Then, an intra-
venous catheter was placed, and the first blood sample was drawn 
(to determine the base level of all measured serum parameters). 
Subsequently, occlusive headphones were attached and connected 
to an MP3 player. To guarantee that the experimenter did not know 
to which type of stimulus the subject was listening, two (optically 
identical) MP3 players were used: one with music and one with 
the control stimulus. For each participant, one of the two play-
ers was randomly chosen by an experimenter (Julian Fuermetz). 
For this reason, and because participants did not know whether 
they belonged to the control group or the experimental group, 
this study had a randomized, double-blind, placebo-controlled 
experimental design.
The MP3 player was then started by the experimenter, the 
volume was identical for all subjects (and about 70 dB SPL, 
which was experienced as a pleasant volume by all participants), 
and the collection of stimuli was looped (i.e., the collection 
was automatically repeated after the last musical piece, or con-
trol stimulus). Because the operation had an average duration 
of about 1.5 h (and each stimulus selection had a duration of 
about 47 min), stimuli were on average presented twice during 
the experiment.
Blood samples were obtained during six different time points 
(see Figure 1 for illustration): The first time point was about 2 h 
before commencement of surgery (as described above), the sec-
ond was immediately before applying spinal anesthesia, the third 
directly after skin incision (usually about 30 min after application 
of spinal anesthesia), the fourth before skin closure, the fifth 3 h, 
and the sixth 24 h after the end of surgery. Blood samples were 
cooled as soon as possible at 4°C, then centrifuged, and then stored 
at −80°C. Average time of commencement of the experiment was 
9.59 am, the experiment commenced on average 23 min earlier 
in the music group than in the control group, but this difference 
between groups was statistically not significant (p > 0.6). At time 
point 6 (i.e., 24 h after surgery), participants’ contentment with 
the surgical procedure was assessed using a 10-point visual analog 
scale (VAS).
Inclusion criteria were normal hearing (according to self report 
and the patient’s file), ASA scores ranging from 1 to 3, and pri-
mary elective total hip joint replacement under spinal anesthesia. 
Exclusion criteria were presence of psychiatric disorder, profes-
sional musicianship, or intake of medication or drugs influenc-
ing  the  hypothalamo-hypohyseal  or  the  sympathetic  nervous 
system. Written informed consent was obtained from each par-
ticipant at least 24 h before the commencement of the experi-
ment; the study was approved by the local ethics committee of 
the University of Leipzig, and conducted in accordance with the 
Declaration of Helsinki. Sample size was determined based on 
the intra-operative cortisol levels reported in (Leardi et al., 2007) 
which yield a minimum sample size of 15 per group (α level = 5%, 
β level = 50%). Participants were recruited and measured over a 
course of 14 months.
STIMULI
The musical stimulus was a selection of 15 joyful instrumental 
pieces from different styles and genres from the last four cen-
turies [J. S. Bach BWV 1049/1, D. Brubeck Quartet “Take Five,” 
O’Stravaganza  “Jig  Della  Inquietude,”  Illapu  “Las  Obreras,” 
N. Paganini Op.6/3, J. Richman “Egyptian Reggae,” F. Kreisler 
“Liebesfreud,”  Anonymous  “Entree–Courante”  (CD-ASIN 
B0000247QD), L. Armstrong “Indiana,” J. S. Bach BWV 1066/6, 
Irish Jig (anonymus), Shantel “Bucovina,” M. Bruch Op. 26/4]. 
Mean beats per minute (BMP) of pieces was 107 (range = 66–162). 
The stimuli had a total duration of 47 min, and had been rated as 
happy and pleasant in previous functional neuroimaging studies 
(Koelsch et al., 2006a, 2007). The control stimulus consisted of the 
Table 1 | A: Baseline demographic and clinical characteristics. Means 
(with SD in parentheses) of weight (in years), age (in kg), and ASA scores, 
separately for each group. The outermost right column shows the T-values of 
independent-samples T-tests. B: Experimental variables related to the 
sedation of the subjects. Means (with SD in parentheses) of propofol 
consumption, propofol concentration, bispectral index (BIS), and BIS-value 
relative to propofol concentration (100–BIS-value/concentration), separately 
for each group.
  Control group  Music group  Test-statistics
A: DeMogrAPHIC AnD ClInICAl DATA
Weight (kg)   81 (12.3)  76 (14.5)  T(38) = 1.1
Age (years)  65 (9.2)  67 (12.3)  T(38) = 0.6
ASA  2.2 (0.4)  2.3 (0.5)  T(38) = 0.7
B: exPerIMenTAl vArIABleS
Propofol   2.65 (0.59)  2.22.94  T(38) = 1.73, 
consumption (mg/kg/h)      d = 0.56
Propofol  1.23 (0.27)  1.05 (0.45)  T(38) = 1.57 , 
concentration (μg/ml)      d = 0.5
BIS  80 (4.0)  77 (5.0)  T(38) = 1.62, 
	 	 	 d = 0.68
100–BIS/  16.9 (4.4)  25.0 (12.2)  T(38) = 2.82, 
concentration      d = 0.91
The	outermost	right	column	shows	the	T-values	of	independent-samples	T-tests,	
and	values	indicating	Cohen’s	d.
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to increase the signal-to-noise ratio of the endocrinological data 
collected during the intra-operative period.
Post-operative period (time points 5 and 6). For each of the param-
eters, a repeated measures ANOVA was calculated with factors 
group (music, control group), and time point (time points 5 and 6).
All statistical values obtained for any of the multivariate ANOVAs 
were Greenhouse–Geisser corrected. Cohen’s d was calculated using 
means and SD, according to the guidelines provided by Thalheimer 
and Cook (2002), with d ≥ 0.40 and <0.75 indicating a medium 
effect size, and d ≥ 0.75 and <1.1 indicating a large effect size.
RESULTS
STAI SCORES
State-Trait Anxiety Inventory scores (obtained before the com-
mencement of the experiment) were virtually identical for both 
groups,  with  regards  to  both  STAI-state  scores  (music  group: 
M = 40, control group: M = 39; p > 0.77), and STAI-trait scores 
(music group: M = 35, control group: M = 35; p = 1.0).
PROPOfOL
Patients of the music group tended to show a lower propofol 
consumption, and a lower propofol concentration compared to 
the control group (Table 1B; Figure 2). However, the mean BIS-
value was nominally lower in the music group than in the control 
group (mean BIS-values of both groups were nevertheless within 
the range targeted by the anesthetist). Thus, subjects in the music 
group tended to be more deeply sedated despite nominally lower 
propofol concentrations. To test the difference in propofol con-
sumption while controlling statistically for the levels of anesthesia 
(Leslie et al., 1995), we calculated for each subject a score of the 
BIS-value relative to the propofol concentration (100–BIS-value/
concentration). These scores differed significantly between groups 
[T(38) = 2.82, p < 0.01, d = 0.91, indicating a large effect size].
CORTISOL
At time point 1 (i.e., before presenting the experimental stimu-
lus), cortisol levels did not differ between groups (p = 0.61, see 
also Figure 3). At time points 2–4 (i.e., during the intra-operative 
period, see gray-shaded area in Figure 2), cortisol levels were lower 
in the music compared to the control group: A MANOVA (see 
Materials and Methods for details) on the cortisol values for the 
three inter-operative time points with factors group (music, control) 
and time point (three levels: spinal anesthesia, skin incision, skin 
closure) indicated an effect of group [F(1,38) = 4.3, p < 0.05, η2 = 0.1, 
observed power = 0.52), reflecting that cortisol levels were lower 
in the music than in the control group. Moreover, the MANOVA 
indicated an effect of time point [F(2,76) = 6.6, p = 0.002, η2 = 0.15, 
observed power = 0.9), reflecting that cortisol levels differed between 
the three time points. There was no two-way interaction (p > 0.7), 
indicating that the difference between groups persisted during the 
entire intra-operative period (see also Figure 3). At time points 5 
and 6 (i.e., 3 and 2 h after the surgery), no differences in cortisol 
levels were observed between groups: A repeated measures ANOVA 
(see Materials and Methods for details) with factors group and time 
point (two levels: 3, 24 h after surgery) indicated an effect of time 
ANESTHESIA AND INTRA-OPERATIvE SEDATION
After local anesthesia of the skin spinal anesthesia had been estab-
lished using a 25 gage whiteacre needle and bupivacaine 0.5% 
(15 mg) as anesthetic. The level of puncture was L3/4 or L2/3. Once 
spinal anesthesia had been established, all patients were sedated via 
target-controlled-infusion of propofol using a Diprifusor infusion 
system (Becton Dickinson Infusion Systems, Brezins, France) to 
establish bispectral index (BIS) values between 70 and 80 during 
surgery (the BIS is an electrophysiological measure used to moni-
tor depth of anesthesia). This level of sedation is associated with a 
lethargic response of the patients to their name spoken in normal 
tone (Modified Observers Assessment of Alertness and Sedation 
level 4; see also reference Chernik et al., 1990). BIS-values were 
assessed using the BIS-Monitor A-2000 XP (BIS-algorithm 3.4, 
Aspect Medical Systems, Natick, MA, USA); BIS-values indicate 
the level of sedation, with decreasing BIS-values correlating with 
an increase of the level of sedation (i.e., higher BIS-values reflect a 
more awake state, and lower BIS-values reflect a sedated, or anes-
thetized state). To achieve the desired BIS-values, the target con-
centration was modified during surgery. Blood pressure and heart 
rate were monitored continuously throughout the surgery.
STATISTICS AND DATA ANALYSIS
Laboratory analysis
Adrenocorticotropic hormone (Biomerica), Cortisol (IBL), and IgA 
(Bethyl) were determined using enzyme-linked immunosorbent 
assay (ELISA). ACTH values of time points 4 and 5 could not be 
obtained for one subject of the control group. Although adrenaline 
and noradrenaline were also included in the trial protocol approved 
by the ethics committee, we did not further analyze the data of 
these parameters, because >20% of the blood samples could not 
be cooled within the first 60 s after obtaining the sample, leading 
to too many missing values at intra-operative time points.
Data analysis
Group differences in propofol consumption and propofol con-
centration  were  tested  using  one-tailed  independent-samples 
t-tests. Two-tailed independent-samples t-tests were used to test 
intra-operative differences between groups in mean arterial blood 
pressure, heart rate, and fluid consumption (i.e., consumption of 
Deltajonin© and Voluven©). Patients’ satisfaction with the procedure 
was measured using a VAS and compared between groups using a 
two-tailed independent-samples t-test.
Adrenocorticotropic hormone, cortisol, and IgA levels were 
compared between groups, separately for the pre-operative period, 
the intra-operative period, and the post-operative period.
Pre-operative period (time point 1, before commencing the audi-
tory stimulation). Each of the parameters (cortisol, ACTH, IgA) 
was compared between groups using a two-tailed, two-samples 
t-test (to guarantee that concentrations of these parameters did 
not differ between groups at the beginning of the experiments).
Intra-operative period (time points 2–4). For each of the param-
eters a repeated measures MANOVA was calculated with factors 
group (music, control group), and time point (time points 2, 3, and 
4). MANOVAs (instead of separate two-samples t-tests for each time 
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time points: A linear regression with IgA levels as dependent, and 
time points as well as group as independent variables indicated a 
significant correlation between time points and IgA levels (adjusted 
R2 = 0.72; p < 0.001). This regression also indicated a tendency 
toward  a  difference  in  the  regression  models  between  groups 
(p = 0.082), reflecting that the decline in IgA levels was slightly 
less pronounced in the music compared to the control group.
PHYSIOLOgICAL PARAMETERS, fLUID CONSUMPTION, AND PATIENTS’ 
SATISfACTION
No intra-operative differences between groups were measured in 
mean arterial blood pressure (music group: M = 86.1, SEM = 2.50; 
control group: M = 82.3, SEM = 2.27; p > 0.25) and heart rate 
(music group: M = 69.1, SEM = 2.17; control group: M = 70.4, 
SEM = 1.86; p > 0.6). Similarly, operative fluid consumption did not 
differ between groups, neither with regard to Deltajonin (p > 0.4) 
nor with regard to Voluven (p > 0.25).
When interviewed 24 h after the surgery, participants’ con-
tentment with the surgical procedure (as assessed with a VAS, see 
Materials and Methods) did not differ between groups (music 
group: M = 8.7, SEM = 0.43; control group: M = 8.2, SEM = 0.46; 
p > 0.35). Moreover, when asked whether the auditory stimulus was 
perceived as pleasant or unpleasant (two-alternative forced choice) 
all participants from the control group, and 18 subjects from the 
music group, judged the experimental stimulus as pleasant.
DISCUSSION
Both propofol consumption and propofol concentrations were 
about 15 percent lower in the music compared to the control group, 
even though BIS-values were nominally also lower in the music than 
in the control group (BIS-values reflect the depth of anesthesia, with 
lower values indicating deeper sedation levels). This demonstrates 
that listening to music reduces sedative requirements to reach light 
sedation under regional anesthesia.
In addition, cortisol levels were lower in the music group (com-
pared to the control group) during the intra-operative period 
(i.e., during time points 2 to 4, see gray-shaded area in Figure 2). 
Because the day time of surgery was matched between music and 
control group, differences in circadian rhythm cannot account for 
the observed difference in intra-operative cortisol levels between 
point [F(1,38) = 8.7, p = 0.005; reflecting that cortisol levels were 
higher 3 h than 24 h after the surgery, see also Figure 3), but no 
effect of group (p > 0.7).
ADRENOCORTICOTROPIC HORMONE
As cortisol levels, ACTH levels did not differ between groups at 
time point 1 (p > 0.9, see also Figure 3). During the intra-operative 
period, ACTH levels differed between time points, but not between 
groups. A MANOVA (see Materials and Methods for details) on 
the ACTH values for the three inter-operative time points with 
factors group and time point indicated an effect of time point 
[F(2,74) = 5.9, p < 0.02, η2 = 0.14, observed power = 0.7; note that 
the different degrees of freedom are due to missing ACTH values 
of time points 4 and 5 for one subject of the control group], but 
no effect of group (p > 0.95), and no two-way interaction (p > 0.6). 
Likewise, ACTH values differed between time points 5 and 6 (i.e., 
between the measurements obtained 3 and 24 h after the operation), 
but not between groups. A repeated measures ANOVA with fac-
tors group and time point (see Materials and Methods for details) 
indicated an effect of time point [F(1,38) = 15.9, p < 0.0001], but 
no effect of group (p > 0.7), and no two-way interaction (p > 0.7).
IMMUNOgLObULIN A 
Similar to cortisol and ACTH levels, IgA levels did not signifi-
cantly differ between groups at time point 1, again showing that 
groups did not differ from each other at baseline (music group: 
M = 2.34 mg/ml, SEM = 0.31; control group: M = 1.90 mg/ml, 
SEM = 0.24; p > 0.25, two-tailed independent-samples t-test). 
During the following time points, IgA levels generally decreased 
in both groups (except between time points 1 and 2, where IgA 
levels increased nominally in the control group, see Figure 3). A 
MANOVA (see Materials and Methods for details) for the three 
inter-operative time points with factors group and time point indi-
cated an effect of time point [F(2,76) = 8.3, p = 0.001, η2 = 0.18, 
observed power = 0.95], but no effect of group (p > 0.7) and no 
two-way-interaction (p > 0.15).
During the post-operative period (time points 5 and 6, i.e., 3 and 
24 h after the operation), no differences in IgA levels were observed 
between groups: A repeated measures ANOVA with factors group 
and time point (see Materials and Methods for details) indicated no 
main effects, neither of time point (p > 0.9), nor of group (p > 0.3).
FIgure 2 | Average propofol consumption (left panel), target propofol 
concentration (middle panel), and propofol concentration relative to the 
BIS-value (100–BIS-value/concentration, right panel), separately for the 
two groups (control group, music group). Particularly in relation to the 
BIS-values, propofol requirement was significantly lower in the music compared 
to the control group. Error bars indicate SEM. 
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et al., 2002; Bringman et al., 2009). Thus, it appears that music 
prevented an anxiety-related increase in cortisol associated with 
the anticipation of the surgical procedure (and this difference 
in  cortisol  levels  persisted  the  entire  intra-operative  period). 
Whether pre-operative music listening alone (i.e., without lis-
tening to music during the intra-operative period) is already 
sufficient to lead to similar cortisol reductions during surgery 
remains an open question.
Although cortisol plays an important role for adaptation to 
environmental challenges, patients usually report that they per-
ceive the high pre- and intra-operative levels of stress, worry, 
and anxiety as markedly unpleasant. Hence, our observation of 
lower cortisol levels in the music group is taken here as beneficial 
effect, reflecting that participants were less stressed, anxious, and 
worried (see also, e.g., Uedo et al., 2004). The possible medical 
implications of different cortisol levels during surgery remain 
to be specified.
The present study considered a number of methodological 
issues necessary to pinpoint that the observed effects were due 
to a musical stimulus: (a) The present study used a randomized 
double-blinded  experimental  design,  (b)  only  instrumental 
music was used (without lyrics, thus potential effects of lyrics 
could not contribute to the effects observed), (c) both the music 
group and the control group were presented with an auditory 
stimulus (thus, the theater noise was reduced in the same way 
in both groups), and (d) patients of both groups underwent the 
same surgical procedure. Thus, our data represent evidence for 
beneficial effects of music during surgery on stress levels (as 
indexed by the reduced cortisol levels in the music group) and 
on the requirements for anesthetic drugs (as indexed by the lower 
propofol consumption in the music group) in slightly sedated 
patients. This makes music an adjuvant treatment in a clinical 
setting, and supports previous findings suggesting that music 
listening can reduce cortisol levels (Miluk-Kolasa et al., 1994; 
Schneider et al., 2001; Uedo et al., 2004; Nilsson et al., 2005; 
Leardi et al., 2007) as well as sedative requirements (Koch et al., 
1998; Lepage et al., 2001; Ayoub et al., 2005; Ganidagli et al., 
2005; Zhang et al., 2005; Harikumar et al., 2006).
The exact mechanisms underlying the observed effects of music 
listening on the stress levels remain to be specified. However, three 
mechanisms appear to be likely: First, up-regulation of activ-
ity within the mesolimbic dopaminergic system by the music 
(particularly by virtue of increased activity within the ventral 
tegmental area and the nucleus accumbens; Blood and Zatorre, 
2001; Menon and Levitin, 2005; Koelsch et al., 2006a) with cor-
responding effects on the reactivity to stress and pain (Pani et al., 
2000; Jääskeläinen et al., 2001). Second, down-regulation of activ-
ity of the central nucleus of the amygdala by the music (Blood and 
Zatorre, 2001; Koelsch et al., 2006a, 2008) with down-regulatory 
effects on (a) levels of fear and worries (LeDoux, 2000; Vollert 
et al., 2003), and (b) on activity of hypothalamic and brainstem 
nuclei involved in the generation of the endocrine (HPA-axis) and 
vegetative stress responses (Nieuwenhuys et al., 2007; such stress-
related effects might also include modulations of beta-endorphin 
levels, McKinney et al., 1997b; Gerra et al., 1998; Vollert et al., 
2003). Third, because musical information consumes cognitive 
groups (this is also reflected in virtually identical cortisol levels 
at time point 1, that is, before the onset of auditory stimula-
tion). Besides serving normal metabolic and diurnal functions, 
the serum cortisol level also increases in response to psychologi-
cal or physiological stress (e.g., Gerra et al., 2001). Notably, STAI 
scores were almost identical for both groups before the onset 
of the auditory stimulation, indicating that anxiety levels of the 
patients did not differ between groups before the commencement 
of the experiment (this is also corroborated by the cortisol levels 
which did not differ between groups at time point 1). Therefore, 
results indicate that the music had stress-reducing effects before 
and during surgery under regional anesthesia. This corroborates 
findings of previous studies investigating effects of music on sali-
vary cortisol in clinical (Miluk-Kolasa et al., 1994; Schneider et al., 
2001; Uedo et al., 2004; Nilsson et al., 2005; Leardi et al., 2007), 
and non-clinical samples (McCraty et al., 1996; Hucklebridge 
et al., 2000; Kreutz et al., 2004). Note that cortisol levels declined 
in the music group during the time period before application 
of anesthesia (whereas cortisol levels increased during this time 
period in the control group, see Figure 1), consistent with studies 
FIgure 3 | Cortisol, ACTH, and IgA values, separately for both groups 
(music group, control group) and the six different time points. Gray-
shaded are indicate the intra-operative period. None of the parameters differed 
between groups at time point 1. During the intra-operative period, cortisol 
levels were lower in the music than in the control group. ACTH and IgA levels 
differed between time points, but not between groups. Error bars 
indicate SEM.
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CONCLUSION
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pleasant auditory stimulus (thus, the theater noise was pleasantly 
reduced in both groups), the music group listened to instrumental 
music (without lyrics), and patients of both groups underwent the 
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stress-reducing effects during surgery under regional   anesthesia. 
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(including attentional) resources (e.g., Koelsch and Siebel, 2005), 
participants of the music group might also have been more dis-
tracted from fearful and worrying thoughts, and from the per-
ception of the surgical procedures (compared to participants of 
the control group).
No differences between groups were observed in the post-
operative period (i.e., when participants did not listen to music 
anymore).  Note  that  both  cortisol  and  ACTH  considerably 
increased after surgery (see time point 5 in Figure 3, this meas-
urement was performed 3 h post-operatively), hence future stud-
ies should further investigate whether music listening during the 
post-operative period can reduce post-operative stress reactions, 
a suggestion that has already been made by Nilsson et al. (2005); 
they suggested that application of music might help to reduce 
cortisol and pain during the post-operative period. Furthermore, 
ACTH levels did not show differences between groups (despite 
differences in cortisol levels). This was perhaps due to the differ-
ent pharmacokinetics of ACTH and cortisol, particularly burst-
like secretion and shorter in vivo half-life of ACTH (<10 min, 
compared to ∼90 min for cortisol; Morgane and Panksepp, 1980; 
Keenan and Veldhuis, 2003), which introduced considerably larger 
ACTH variance (compared to cortisol). Future studies on effects 
of music on ACTH levels should take this factor into account 
when calculating the sample sizes.
Immunoglobulin A  levels  did  not  show  significant  group 
differences, but a significant reduction in both groups during 
the intra-operative period, and a further decline after surgery 
(as indicated by the regression analysis). The regression analy-
sis also suggested a tendency toward a group difference in the 
decline of IgA levels (which appeared to be less pronounced in 
the music group). Future studies could test whether the latter 
finding can be replicated. Our findings are in accordance with 
results from a previous study (Nilsson et al., 2005) in which 
music listening did not affect serum IgA levels during operations 
under general anesthesia, but in which serum IgA concentra-
tions declined significantly during the course of the operation. 
IgA increases in acute stress situations (Gerra et al., 2001) and 
is lower under chronic stress conditions (Phillips et al., 2006). 
So far, the immuno-kinetics of serum IgA during surgery is not 
well understood. Perhaps the long latency of IgA secretion, and 
the long half-life of IgA (5 days) makes effects of severe acute 
stressors on IgA levels difficult to investigate.
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